To investigate whether serum resistin correlated with hypertension, obesity, dyslipidemia, or insulin resistance (IR) in Chinese type 2 diabetes mellitus (T2DM) patients and their first-degree relatives (DFDRs) in a case-control observational study.
Introduction
Type-2 diabetes mellitus (T2DM) is a major public health problem in industrialized nations and many developing countries. In 2012, approximately 3.7 million deaths were caused by T2DM and hyperglycemia-related complications worldwide. [1] The incidence of T2DM is increasing on a global scale, placing an equally increasing burden on the health care systems of countries most affected by this public health crisis. [1, 2] Although studies have shown that T2DM is associated with insulin resistance (IR), obesity, cardiovascular disease (CVD), hypertension, dyslipidemia, and nonalcoholic fatty liver disease, [3] [4] [5] [6] [7] the biochemical links through which these conditions are induced by the dysregulation of homeostatic processes remain unclear.
Resistin is an adipokine that has been linked to the development of T2DM in rodent models. The overexpression of resistin from adipocytes induced the development of IR and dyslipidemia in healthy mice. [8] Other studies have shown that the loss of resistin expression improved blood glucose maintenance and insulin sensitivity (IS) in diet-induced obese mice and leptin knockout mice, which develop both obesity and IR. [9, 10] Although human resistin shares only 60% amino acid sequence identity with that of mouse resistin [11] and is expressed primarily by macrophages, [12, 13] rather than adipocytes, patients with T2DM often exhibit elevated resistin levels. [14] In addition, clinical investigations have reported a positive correlation between the serum level of resistin and the severity of IR assessed according to the homeostatic model assessment (HOMA). [15] [16] [17] Elevated resistin is also a risk factor for CVD and all-cause mortality in T2DM patients. [18] However, other studies have been unable to confirm an association between serum resistin and T2DM, and there is a lack of clear evidence of a biological mechanism through which resistin contributes to the development of IR in humans. First-degree relatives of T2DM patients (first-degree relatives of diabetic patients [DFDRs] ) have an increased risk of developing hyperglycemia, [19] and recent genomic studies have identified T2DM susceptibility loci in humans. [20, 21] Given the similarity of the genetic background of T2DM patients with that of their DFDRs, we reasoned that the serum level of resistin in the DFDRs of T2DM patients might also correlate with IS and perhaps various other features of the metabolic syndrome. To determine whether such correlations do indeed exist, we compared the serum level of resistin and various markers of IR, dyslipidemia, and obesity between T2DM patients, their DFDRs, and healthy control subjects. Our findings suggest that, in DFDRs of T2DM patients, sex has a significant influence on markers of IR, and that the level of serum resistin correlates with certain markers of hyperlipidemia.
Material and methods

Study population
We performed an observational study from January 2014 to June 2015, in which T2DM patients treated in our department, their siblings and/or children, and healthy volunteers with no family history of T2DM were enrolled in the T2DM, DFDR, and normal control (NC) groups, respectively. The exclusion criteria for DFDR and NC participants were an abnormal result for the oral glucose tolerance test (OGTT); a history of abnormal OGTT results; currently using drugs affecting glucose and/or lipid metabolism; abnormal hepatic and/or renal laboratory findings; chronic or acute infection; and any type of malignancy and currently diagnosed with an autoimmune or other systemic disease.
The inclusion criteria for T2D patients were as follows: diagnosis of diabetes type 2 (World Health Organization criteria of 1999); onset age 18 to 65 years; disease onset within 6 months;
and not yet being treated (including diet, exercise, and drugs). Exclusion criteria were type 1 diabetes, secondary diabetes, diabetes in pregnancy, and gestational diabetes mellitus; liver and kidney dysfunction; and patients with mental illness and cancer.
Participants in the DFDR and NC groups were matched based on sex and age. Our study was approved by the Institutional Review Board of Heji Hospital Affiliated to Changzhi Medical College (approval no. 2007IRB(S)02), and all of the participants provided written informed consent prior to enrollment. Our study was conducted in accordance with the Declaration of Helsinki regarding ethical standards for research involving human subjects.
Laboratory and clinical assessments
All participants underwent an OGTT after an overnight 8-to 10-hour fasting period. Participants received 75 g of glucose orally, and blood samples were collected at 0, 30, and 120 minutes following glucose treatment (PGT). Blood glucose concentrations were measured using the glucose oxidase method. The HOMA indexes were calculated based on the fasting blood levels of glucose (FBG) and insulin (FBI) at 0 minute PGT. The HOMA-IR was calculated as HOMA-IR = BI (mIU/L) Â (FBG (mmol/L)/ 22.5), as described previously. [22] The HOMA-IS was calculated as HOMA-IS = 1/[FBG (mmol/L) Â FBI (mIU/L)], as described previously. [23] To assess pancreatic b cell function, the HOMA-b was calculated as
, as described previously. [24] Blood samples collected at 0 minute PGT were subjected to additional analyses. Triglycerides and total cholesterol (TC) were measured using routine enzymatic methods. High-density lipoprotein cholesterol (HDL-C) was determined after apoB-lipoprotein precipitation, and low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula. [25] Insulin was measured using an enzyme-linked immunosorbent assay (ELISA; Boster, Wuhan, China). Glycated hemoglobin, HbA1c, was measured in a Roche COBAS-400 automated biochemical analyzer (Roche Applied Science, Penzberg, Germany) using EDTA-K2 (Sigma-Aldrich, St. Louis, MO) as an anticoagulant. Resistin was measured using an ELISA (Boster, Wuhan, China). Systolic and diastolic blood pressure (BP) were measured at each time point using an electronic BP monitor. Body-mass index (BMI) was calculated as mass in kilograms divided by surface area in square meters. Waist and hip circumferences were also recorded. Both the study personnel and the participants were blinded to group assignment when these data were recorded, and all of the participants in each group completed the abovementioned analyses.
Statistical analysis
The statistical analysis was performed using the SPSS, version 13.0, software (IBM, Armonk, NY). To evaluate sample size, statistical power was estimated using a 2-sided a = 5%, and the calculations indicated that, at a level of statistical power = 80%, a combined total of ≥76 participants were required to detect HOMA-IR at a mean and standard deviation of 3.0 ± 2.6 in the T2DM group (n ≥ 38) and 1.6 ± 1.4 in the control group (n ≥ 38). Categorical variables are reported as number and percent, and continuous variables are reported as the mean ± standard deviation. Categorical variables were compared using a chisquared analysis. Normally distributed continuous variables were subjected to an analysis of variance, and those lacking a normal distribution were compared using the Wilcoxon rank sum test. Pairwise comparisons were performed using t tests to evaluate intergroup differences. A stratified analysis was performed to investigate the effects of sex on age, biochemical variables, and clinical assessments. The statistical relationships between the serum level of resistin and the study variables were evaluated using a Pearson correlation analysis. The level of statistical significance was set at P < .05.
Result
Demographic characteristics
The demographic characteristics of the cohort are presented in Table 1 . Our final analysis included 42, 74, and 51 participants in the T2DM, DFDR, and NC groups, respectively. The mean age of the participants was 42.7 ± 12.3 years. Participants in the T2DM group were significantly older (49.5 ± 13.6 years) than participants in the DFDR and NC groups (41.4 ± 10.5 and 39.0 ± 11.7 years, respectively; P < .05). The difference in age between the T2DM group and the DFDR and NC groups is consistent with the chronic disease course of T2DM and our study design, which included the selection of both the siblings and offspring of T2DM patients and matching of the DFDR and NC groups based on age and sex. Of the 167 total participants, 98 (58.7%) were women, and no significant difference in the proportion of women 96: 16 Medicine was observed between the 3 study groups (P > .05). The stratified analysis showed that women in the T2DM group were significantly older than those in the DFDR and NC groups (P < .05 for both; Table 2 ), whereas the ages of the women in the DFDR and NC groups did not differ significantly. By contrast, no significant differences were observed in the men in the T2DM, DFDR, and NC groups (P > .05).
Markers of obesity
The mean BMI was highest in the DFDR group (25.8± 2.91 kg/m 2 , P < .05) and lowest in the NC group (23.8 ± 2.90 kg/m 2 ; Table 1 ). The BMI of the NC group was significantly lower than that of the T2DM and DFDR groups (P < .05 for both), but the BMI of the T2DM and DFDR groups did not differ significantly (P > .05). Waist circumference was significantly larger in the T2DM and DFDR groups, compared with that in the NC group (P < .05 for both), whereas the waist circumference of the T2DM and DFDR groups did not differ significantly (P > .05). Hip circumference in the T2DM group was significantly larger than that in the DFDR and NC groups (P < .05 for both), whereas hip circumference in the DFDR and NC groups did not differ significantly (Table 1 ). These data suggest that the risk of obesity in DFDRs of T2DM patients might be greater than that in people of similar age with no family history of T2DM. In the stratified analysis, no clear pattern was observed in the differences between the BMI, waist circumference, and hip circumference of men or those of women (data not shown).
Blood pressure
Overall, no clear trend was observed in BP across the 3 study groups. Both systolic and diastolic BP were highest in the T2DM group (131 ± 16.7 and 82.1 ± 11.1 mm Hg, respectively; P < .05 for both), compared with those of the DFDR and NC groups (Table 1) . However, systolic BP did not differ significantly between the DFDR and NC groups, and the diastolic BP in the T2DM group did not differ significantly, compared with that of the T2DM group (P > .05 for both; Table 1 ). In the stratified analysis, no clear pattern was observed in the differences between the systolic or diastolic BP of men or those of women (data not shown). These data suggest that risk of hypertension in DFDRs of T2DM patients is similar to that in people of similar age with no family history of T2DM.
Markers of dyslipidemia
We also examined the serum lipid profile of participants (Table 1) . A significant trend was observed in the serum triglyceride level, which was highest in the T2DM group (2.7 ± 2.7 mmol/L), compared to that of the DFDR and NC groups (1.5 ± 1.2 and 1.0 ± .64 mmol/L, respectively, P < .05 for both). Pairwise comparisons of the triglyceride levels revealed significant differences between all of the study groups (P < .05 for all). The TC level was also highest in the T2DM group (4.9 ± 1.3 mmol/L, P < .05), compared to the DFDR and NC groups (Table 1) . Although the TC level in the NC group was significantly lower than that of the T2DM and DFDR groups (P < .05 for both), the TC level in the T2DM and DFDR groups were similar (P > .05). Significant differences in LDL-C and HDL-C were not observed (P > .05 for all; Table 1 ). These data suggest that male DFDRs of T2DM patients might have a greater risk of dyslipidemia than people with no family history of T2DM.
In the stratified analysis, significant differences in the levels of triglycerides and TC were observed between men in the T2DM Table 1 Demographic, clinical, and biochemical characteristics of the study participants. FBG, BG-30, and BG-120 are blood glucose levels at 0, 30, and 120 minutes after administration of 75 g glucose, respectively. HOMA-IR, HOMA-IS, and HOMA-b are homeostasis model assessment indexes for insulin resistance, insulin sensitivity, and b cell function, respectively. BMI = body-mass index, DBP = diastolic blood pressure, DFDR = first-degree relatives of diabetic patient, FBG = blood levels of glucose, FBI = blood levels of insulin, HbA1c = glycated hemoglobin, HC = hips circumference, HDL-C = high-density lipoprotein cholesterol, HOMA = homeostasis model assessment, IR = insulin resistance, IS = insulin sensitivity, LDL-C = low-density lipoprotein cholesterol, NC = healthy control, SBP = systolic blood pressure, T2DM = type 2 diabetes mellitus patients, TC = total cholesterol, WC = waist circumference. * Compared using chi-squared analysis, analysis of variance, or Wilcoxon rank sum test. † P-value of comparisons using t-tests. com and NC groups and between the men in the DFDR and NC groups, whereas the levels of triglycerides and TC were similar between the men in the T2DM and DFDR groups ( Table 2) . Among the women in our cohort, only those in T2DM and NC groups had triglyceride levels that differed significantly (P < .05), and none of the women in any of the 3 study groups exhibited significant differences in TC (Table 2) . Although no clear pattern was observed in HDL-C and LDL-C based on sex. The HDL-C level in women in the T2DM group was significantly lower than that of women in the DFDR and NC groups (P < .05 for both), but HDL-C in men did not differ significantly (P > .05 for all).
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The LDL-C level in men in the DFDR group was significantly greater than that in men in the T2DM and NC groups (P < .05 for both), whereas the HDL-C in men in the T2DM group did not differ significantly from that of men in the NC group (P > .05). No significant differences were observed in the LDL-C levels in women (P > .05 for all). Despite the lack of a clear pattern in lipid profiles, these data suggest that the risk of dyslipidemia in male DFDRs of T2DM patients is greater than that of female DFDRs.
Glycemic parameters
As expected, the mean FBG was highest in the T2DM group (10 ± 3.4 mmol/L, P < .05), compared to the DFDR and NC groups (5.0 ± .51 and 5.2 ± .40 mmol/L, respectively; Table 1 ). However, the FBG of the DFDR group did not differ significantly from that of the NC group alone (P > .05). This pattern in blood glucose levels was also observed at the 30 and 120 minutes PGT time points (Table 1 ). The FBI levels did not differ significantly between the 3 study groups (P > .05). The HOMA index values reflected the results of the OGTT for the study groups. As expected, the HOMA-IR was highest for the T2DM group (3.7 ± 2.6, P < .05), compared to that of the DFDR and NC groups (1.5 ± 1.2 and 1.4 ± 1.6, respectively; Table 1 ), and the HOMA-IS of the T2DM group (.44 ± .32, P < .05) was significantly lower than that of the DFDR and NC groups (.93 ± .52 and 1.1 ± .60), which were statistically similar (P > .05; Table 1 ). The HOMA-b was also lowest in the T2DM group (P < .05), and the HOMA-b of the DFDR and NC groups did not differ significantly (P > .05; Table 1 ). Levels of HbA1c were consistent with the results of the OGTT. The HbA1c level in the T2DM group was significantly higher than that in the DFDR and NC groups (P < .05 for both), which did not differ significantly (P > .05; Table 1 ).
In the stratified analysis, differences in the OGTT blood glucose levels for men and women were consistent with the findings of the overall analysis in Table 1 , with higher blood glucose values in the T2DM group, compared to the DFDR and NC groups, and no significant difference between those of the DFDR and NC groups ( Table 2) . Differences in the HOMA indexes for men were also consistent with the findings of the overall analysis. However, a clear trend was observed in the results for the HOMA indexes for women, with significant differences in HOMA indexes observed between the 3 of the study groups (P < .05 for all; Table 2 ). In women, the level of FBG, BG-30, and BG-120 are blood glucose levels at 0, 30, and 120 minutes after administration of 75 g glucose, respectively. b = beta cell function, DFDR = first-degree relatives of diabetic patient, FBG = blood levels of glucose, FBI = fasting blood insulin, HbA1c = glycated hemoglobin, HDL-C = high-density lipoprotein cholesterol, HOMA = homeostasis model assessment, IR = insulin resistance, IS = insulin sensitivity, LDL-C = low-density lipoprotein cholesterol, NC = healthy control subjects, T2DM = type 2 diabetes mellitus patients, TC = total cholesterol. * P-value of comparisons using pairwise t tests.
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HbA1c was consistent with the blood glucose level, with the HbA1c level in female T2DM patients being significantly higher (P < .05) than that of women in the DFDR and NC groups, whereas the HbA1c level in the DFDR and NC groups did not differ significantly (P > .05; Table 2 ). In men, however, significant differences in the HbA1c level were observed between the three study groups (P < .05 for all), with the highest and lowest levels of HbA1c observed in the T2DM and NC groups, respectively. The FBI level was significantly higher in women in the T2DM and DFDR group (P < .05 for both), compared with that of women in the NC group, and the FBI level in the T2DM and DFDR groups did not differ significantly (P > .05). These data collectively suggested that the DFDRs of T2DM patients might be at greater risk of IR than people with no family history of T2DM. However, the data also suggest that the predictive value of HOMA indexes might be greater for female DFDRs than for male DFDRs of T2DM patients, given the clear trend in the values of those parameters in women. By contrast, the predictive value of the HbA1c level might be greater for male DFDRs than for female DFDRs, given the clear trend observed in HbA1c in men.
Serum resistin levels
A significant trend was observed in the serum level of resistin. The resistin level was highest in the T2DM group (7.4 ± 3.2 ng/mL, P < .05) and lowest in the NC group (2.9 ± 2.2 ng/mL), whereas the level of resistin in the DFDR group 4.6 ± 4.2 ng/mL differed significantly from that in the T2DM and NC groups (Table 1 ). In the stratified analysis, this trend was observed in both men and women (Table 2) , with significant differences in resistin level between the 3 study groups. Previous studies have reported higher resistin levels in patients with T2DM, compared to non-T2DM subjects. [14, 26] These data suggest that DFDRs of T2DM patients might also have higher serum resistin levels than people with no family history of T2DM, and that the level of serum resistin may increase incrementally in the progression of T2DM.
Correlational analysis
The results of the Pearson correlation analysis of the statistical relationship between the serum level of resistin and the demographic, clinical, and biochemical variables are presented in Table 3 . The results showed that the serum resistin level did not significantly correlate with age, BP, markers of obesity, insulin level, blood glucose or HbA1c level, or the HOMA indexes in any of the 3 study groups. However, serum resistin did significantly correlate with TC (R = .343, P = .0028) and LDL-C (R = .310, P = .0072) in the DFDR group, but not in the T2DM or NC groups (P > .05 for both). The serum resistin level did not correlate with level of triglycerides or HDL-C (P > .05 for all) in any of the study groups. These data suggest that an increased serum resistin level might be a risk factor for increased levels of LDL-C and TC, which are major determinants of hyperlipidemia.
Discussion
We performed a cross-sectional analysis of age, sex, serum resistin level, BP, various markers of obesity and dyslipidemia, serum insulin, fasting blood glucose, OGTT results, and HOMA indexes in T2DM patients, their DFDRs, and healthy control subjects with no family history of T2DM to investigate whether DFDRs of T2DM patients exhibit variation in these variables, compared to T2DM patients and healthy people who are not genetically predisposed to T2DM. Significant trends were observed in the triglyceride, HbA1c, and resistin levels in which the values observed in the DFDR group were intermediate to those of the T2DM and NC groups (P < .05 for all; Table 1 ). The stratified analysis revealed significant trends in HOMA-IR, HOMA-IS, and resistin in women and in HbA1c and resistin in men, with DFDR subjects exhibiting values intermediate to those of T2DM and NC subjects (Table 2 ). However, the Pearson analysis showed that serum resistin positively correlated with TC and LDL-C in the DFDR group only, and that resistin did not correlate significantly with the HOMA indexes, OGTT results, FBI, HbA1c, triglyceride, HDL-C, waist or hip circumference, or BP in any group in our cohort. Our results suggested that elevated serum resistin might contribute to an increased risk of hyperlipidemia in DFDRs of Chinese T2DM patients.
Elevated levels of resistin have been reported in T2DM patients, [27] [28] [29] and previous studies have reported associations between serum resistin and HOMA-IR. [17, 28] We found that resistin levels in T2DM patients and their DFDRs were significantly higher than that in participants with no family history of T2DM, with the highest levels of resistin observed in the T2DM group (Table 1) , and this trend in resistin levels was not significantly affected by sex (Table 2 ). However, we also found no significant correlation between resistin and HOMA-IR in either T2DM or DFDR groups, which is consistent with the findings of Youn et al, [29] who published the seminal report of elevated resistin in T2DM patients. Our DFDR group had larger waist and hip circumference than the NC group, and they had higher BMI than both the T2DM and NC groups. Therefore, our data regarding elevated levels resistin in the DFDR group are partially consistent with the findings of a Silha et al, [28] who reported elevated resistin in nondiabetic obese subjects. However, Silha et al also found that resistin correlated with HOMA-IR. Such inconsistencies in the findings of the role of resistin in IR and T2DM have plagued researchers since the discovery of elevated resistin levels in T2DM patients. However, to the best of our knowledge, this is the first report of a correlation between increased serum resistin and markers of hyperlipidemia in the DFDRs of T2DM patients.
A previous cell culture study showed that resistin treatment increased the intracellular level of triglycerides and cholesterol species by 25% and 18%, respectively, and stimulated the production of lipoprotein particles in human hepatocytes. [30] In our overall descriptive analysis, we observed higher levels of triglycerides and TC in the T2DM and DFDR groups (P < .05). Although no clear trend in serum lipid profile was revealed in the stratified analysis, men in the T2DM and DFDR groups had higher triglyceride and TC levels (P < .05), and men in the DFDR group had higher LDL-C (P < .05), whereas women in the T2DM and DFDR groups had lower HDL-C. These data suggest that sex Table 3 Pearson correlation analysis of serum lipid and resistin levels in the study groups. might exert significant influences on serum lipids in T2DM patients and their DFDRs. Studies in Japan found that a singlenucleotide polymorphism (À420) in the promoter region of the human resistin gene [31] correlated with increased serum resistin and reduced HDL-C in nondiabetic subjects, [32] and serum resistin was higher in women with the À420 mutation. We did not screen for the À420 mutation in our cohort, but our stratified analysis indicated that the serum resistin level was unaffected by sex. Hyperlipidemia is a risk factor CVD. Therefore, our results suggest that resistin might contribute to an increased risk of CVD in DFDRs of T2DM patients.
Although we did not find a correlation between resistin and blood glucose levels, HbA1c, or the HOMA indexes, noteworthy trends were revealed in the stratified analysis based on sex ( Table 2 ). Although neither men nor women in the DFDR group exhibited blood glucose levels in the OGTT that were significantly higher than those of the NC group, significant trends in the HOMA indexes existed among the women in our study, with DFDR women exhibiting scores intermediate to that of the T2DM and NC groups (P < .05 for all). A significant trend in HbA1c level existed among our male subjects, with DFDR men exhibiting an HbA1c level intermediate to that of the T2DM and NC men (P < .05 for all). Significantly higher FBI in DFDR women, compared to NC women, likely contributed to the observed trend in HOMA indexes. Our data did not indicate a possible explanation for the higher HbA1c levels observed in DFDR men, compared to NC men. A recent study reported elevated resistin and HbA1c levels in obese nondiabetic subjects with IR. However, the HbA1c level in DFDRs of T2DM patients in our study was <7%, and was lower than that reported by ElShal et al [33] for the obese nondiabetic subjects with IR, whereas resistin levels in our DFDR subjects were higher than those reported by El-Shal et al.
Our findings are subject to certain limitations. Although we performed an analysis of statistical power (80%), a much larger study sample would still likely provide more reliable results than those obtained from our relatively small sample (N = 167). Therefore, future studies with larger study populations are required to further investigate the effects of biochemical risk factors for T2DM in DFDRs of T2DM patients. All of our participants were Han Chinese who resided in the Changzhi area, which might limit the generalization of our findings to other populations. We did not perform a correlation analysis of the stratified data because we believed the small sizes of the subgroups did not warrant this. Therefore, we are unable to rule out sex as a possible confounder in the Pearson analysis. Our results highlight the need for more rigorous study designs that consider sex, obesity, and HOMA index status with regard to group assignment to minimize or isolate potential confounders associated with sex and the various components of metabolic syndrome.
